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(54) Transmission power control for variable bit rate CDMA mobile telephone system 



(57) According to the invention, a transmission qual- 
ity is not deteriorated and, when a system is applied to 
a variable bit rate transmission, a high-precision trans- 
mission electric power control can be executed. An 
Eb/lo calculating circuit 1 1 calculates an Eb/lo value of 
a signal electric energy per bit Eb and an interference 
electric power per Hz lo from a reception base-band sig- 
nal rs from a radio receiving unit 20 every bit rate. A 
maximum value detecting unit 16 detects a maximum 
value from the Eb/lo values. The maximum Eb/lo value 
is compared with a target Eb/lo value by a comparing 
unit 1 7 and a transmission electric power control bit for 

-30 



allowing the transmission electric power to be 
decreased when the maximum Eb/lo value is larger 
than the target Eb/lo value and, in the case contrary to 
the above, for allowing the transmission electric power 
to be increased is generated to a multiplexing unit 103. 
The IPC bit and transmission data td are multiplexed. 
The multiplex data is modulated, its frequency is con- 
verted, and the resultant data is transmitted at an elec- 
tric power based on the TPC bit by a radio transmitting 
unit 30. 
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Description 

The present invention relates to an electric power 
controlling system for variable bit rate CDMA transmis- 
sion which is applied to a mobile telephone system (cel- 
lular mobile telephone system) or the like using a direct 
spread code-division multiple accessing (DS-CDMA) 
system. More particularly the invention relates to an 
electric power controlling system for variable bit rate 
CDMA transmission in which a plurality of bit rates are 
switched and a mobile telephone system adopting the 
system. 

Hitherto, as a mobile telephone system of this kind 
adopting the direct spread code-division multiple 
accessing (DS-CDMA) system: Ts^95 Standard of North 
American Standards TIA/EIA is widely known. In the IS- 
95 Standard, at the time of a reverse link from a mobile 
terminal an a transmitting side to a base station as a 
receiving side, one of four kinds of bit rates of 9.6 kbps, 
4.8 kbps, 2.4 kbps, and 1 .2 kbps is selected for trans- 
mission. When 9.6^kt>ps is set to a Basic rate and data 
are transmitted at bit rates of 1/2, 1/4, and 1/8 of the 
basic rate, the variable rate transmission is executed In 
such a manner that transmission data are thinned to 
1/2, 1/4, and 1/8, respectively and the resultant data is 
transmitted. 

That is, one frame (20 msec) is divided into 16 slots 
each having an interval of 1 .25 msec and. when data 
are transmitted at the basic rate of 9.6 kbps. the data 
are transmitted with all of 16 slots. In case of the brt rate 
of 4.8 kbps, 2.4 kbps, or 1 .2 kb>ps. data are transmitted 
with only 8, 4, or 2 slots per one frame and transmission 
of other slots is stopped. In the method, the slot trans- 
mission is merely turned ON/OFF and a transmission 
electric power does not depend on the bit rate. 

In the reverse link in the cellular mobile telephone 
system adopting the CDMA system. It is necessary to 
control a transmission electric power of a mobile termi- 
nal so that reception electric powers from respective 
mobile terminals such as mobile telephone, and infor- 
mation terminal are equalized. Particularly in case of 
the variable bit rate system in which a bit rate of the 
mobile terminal dynamically changes, it is necessary to 
execute a control to equalize a reception electric power 
per information of one bit. 

A control of the transmission electric power in the 
reverse link in OS-95 Standard will now be explained. 

Since the base station cannot previously know a bit 
rate at which the mobile terminal transmits, the base 
station compares the reception electric power with a ref- 
erence value for all slots and instructs the mobile termi- 
nal to increase or decrease the transmission electric 
power so that the reception electric power coincides 
with the reference value. The mobile terminal controls in 
accordance with only the instruction of the base station 
for the slots which have actually been transmitted and 
ignores the instruction to slots which have not been 
transmitted. 



As mentioned above, in the transmission electric 
power control by the variable bit rate CDMA system, 
only the turn ON/OFF on a slot unit basis whereby the 
transmission electric power control is executed can be 

5 performed. Since the selection of bit rates is limited, an 
intra-frame interleave is restricted at a low bit rate, so 
that an effect of an error correction coding process Is 
reduced. Therefore, since intervals of slots in which the 
reception electric power can be measured Is widen, the 

w control for the transmission electric power cannot follow 
a fast fading, so that its transmitting characteristics 
deteriorate. Since a burst transmission is executed, a 
hazard noise occurs. In this case, there is such a prob- 
lem that an erroneous operation occurs due to the noise 

15 in, for example, a hearing aid or medical instruments 
located near. 

On the other hand, in a fon/vard link serving as an 
operation from the transmission of the base station to 
the reception of the mobile terminal of IS-95 Standard 

20 as well, the transmission in which one of the four kinds 
of bit rates of 9.6 kbps, 4.8 Idops, 2.4 kbps, and 1 .2 kbps 
is selected can be similarly executed. However, it is dif- 
ferent from a realizing method for the variable bit rate of 
the reverse link In the forward link, the low bit rate Is not 

25 realized by turning ON/OFF the transmission on a slot 
unit basis, namely, thinning in a manner similar to the 
reverse link but, for example, in case of 4.8 kbps as 
shown in Fig. 1 , the transmission electric power per one 
time is controlled to 1/2 instead of executing the trans- 

30 mission by repeating the same bit twice. 

Similarly in case of the bit rates of 2.4 kbps and 1 .2 
kbps, the electric powers per one time are set to 1/4 and 
1/8, respectively instead of repeating the same bit four 
times and eight times, respectively By the abovemen- 

35 tioned process, the transmission electric power per one 
bit can be held to be constant. In the variable bit rate 
processing method for the fonward link as mentioned 
above, the problems involved in the reverse link as 
explained above, namely a deterioration in characteris- 

40 tics due to the restriction of the interleave and hazard 
noise caused by with the burst transmission can be 
solved. However, since the transmission electric power 
is dynamically changed depending upon the bit rate in 
use. it is difficult to control the transmission electric 

45 power without previously knowing the bit rate so that the 
reception electric power per 1 -bit information is equal- 
ized. 

The reason why the realizing method for the varia- 
ble bit rate for the forward link is different from that for 

50 the reverse link in IS-95 Standard is that the fonward link 
uses a method in which it is unnecessary to execute a 
high-speed transmission electric power control and in 
which a deterioration in characteristics is little. 

As such examples, "Spread Spectrum Transmitting 

55 Method" disclosed in Japanese Patent Application Laid- 
open No. 5-102943 (1993) and "Transmission Bit Rate 
Discriminating Method and /\pparatU5" disclosed in Jap- 
anese Patent Application Laid-Open No. 8-130535 
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(1996) are known. In Japanese Patent Application Laid- 
Open No. 5-102943 (1993), a variable bit rate transmit- 
ting and receiving method simitar to that for the forward 
link in IS-95 Standard is disclosed but the above- 
described problems associated with the transmission 5 
electric power control are difficult to solve. 

Further, in Japanese Patent Application Laid-Open 
No. 5-102943 (1993), an improvement in the determina- 
tion of the transmission bit rate in the variable bit rate 
system is shown. However, since the bit rate can be 10 
determined only after completion of the reception of a 
reception signal of one frame (20 msec in IS-95 Stand- 
ard), such transmission electric power control as exe- 
cuted for every slot (1 .25 msec in IS-95 Standard) is not 
applicable. Similarly, as a method of determining a bit 15 
rate after completion of the reception of a reception sig- 
nal of one frame, a method of comparing a likelihood 
when a CRC check is executed at a plurality of bit rates 
or when a maximum likelihood decode is performed to a 
convolution code by a Vlterbi algorithm or the like is 20 
known. In this case, however, a timing of the transmis- 
sion electric power cannot be processed. 

In order to solve the problem of the variable bit rate 
transmitting system for the reverse link in IS-95 Stand- 
ard, namely, a deterioration in transmitting characteris- 25 
tics caused by delays of the control for the interleave 
and control for the transmission electric power, there 
has been also proposed another variable bit rate trans- 
mission method for transmitting only part of slots with- 
out turning ON/OFF the transmission on a slot unit so 
basis on which the transmission electric power control- 
led is executed in a manner similar to that in the reverse 
link of IS-95 Standard, for example, a method of trans- 
mitting a frame which is transmitted at a bit rate that is 
1/2 of the basic rate by using the whole slot in such a 35 
manner that the transmission of only the former half of 
one slot is ON and that of the latter half is OFF 

In the variable bit rate transmitting method, since 
ON time per slot for transmission changes depending 
upon the bit rate, a measuring method for the reception 40 
electric power is restricted. For example, when the 
reception electric power is measured during only inter- 
val in which the transmission is ON at even the lowest 
bit rate, it is possible to prevent measurement of the 
reception electric power at intervals In which the trans- 45 
mission is OFF However, there is a problem that meas- 
urement interval is shorten, so that a measurement 
precision is deteriorated. 

As mentioned above, in the conventional methods, 
in the variable bit rate for transmission wherein the 50 
transmission ON/OFF is effected on a slot unit basis as 
in the reverse link in IS-95 Standard, its transmitting 
characteristics are deteriorated. 

In a variable bit rate transmitting method wherein 
changing a diffusion rate is changed in correspondence 55 
to the bit rate and simultaneously the transmission elec- 
tric power is changed in inverse proportion to the diffu- 
sion rate, as in the fonward link in IS-95 Standard, for 



example, in a method in which the diffusion rate is set to 
be twice as large as that of the basic rate and the trans- 
mission electric power Is set to 1/2 of that of the basic 
rate in a frame in which data are transmitted at a bit rate 
of 1/2 of the basic rate, it is difficult to measure the 
reception electric power or a reception quality per 1-bit 
information. 

In the variable bit rate transmission with only parts 
of the slots, for example, the method of transmitting a 
frame in which data are transmitted at a bit rate of 1/2 of 
the basic rate for the whole slot in such a manner that 
the transmission of only the former half of one slot is ON 
and that of the latter half is OFF, the measuring Interval 
of the reception electric- power is restricted, with the 
result that its measurement precision deteriorates. 

The present invention has been made in considera- 
tion of the above points and It is the first object of the 
invention to provide a variable bit rate CDMA transmis- 
sion electric power control system in which a transmis- 
sion electric power is controlled at a high precision 
when It is applied to a variable bit rate transmitting 
method of transmitting data In such a manner that a 
transmission quality is not deteriorated, a spread factor 
is changed depending upon a bit as selected, and a 
transmission electric power is changed in inverse pro- 
portion to the spread factor and a variable bit rate trans- 
mission for transmitting only parts of slots depending 
upon a bit rate in use. 

TTie second object of the invention is to provide a 
mobile telephone system adopting the CDMA transmis- 
sion electric power controlling system according to the 
invention. 

In order to accomplish the above objects, according 
to the invention, there is provided a variable bit rate 
CDMA transmission electric power controlling system 
for switching a plurality of bit rates in transmission 
wherein reception quality is estimated for transmission 
bit rates obtained from a reception baseband signal and 
a transmission electric power is controlled on the basis 
of the reception quality thus estimated. 

According to the invention, the reception quality is 
estimated by measuring an Eb/lo value that Is a ratio of 
a signal electric energy per bit Eb to an interference 
electric power per Hz lo value for the plurality of bit rates 
obtained from a reception base-band signal, obtaining a 
maximum value of the Eb/lo value, and a transmission 
electric power is controlled on the basis of the maximum 
value of the Eb/lo value. 

Further, according to the invention, a variable bit 
rate CDMA transmission electric power controlling sys- 
tem comprises reception processing means for convert- 
ing a reception signal to output a reception base-band 
signal; Eb/lo calculating means for calculating an Eb/lo 
value that is a ratio of a signal electric energy per bit Eb 
to an interference electric power per Hz lo for every bit 
rate in use; maximum value detecting means for detect- 
ing a maximum value of the Eb/lo values for all bit rates; 
comparing means for comparing the maximum Eb/lo 
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value with a target Eb/lo value to produce a transmis- 
sion electric power control bit instructing so that when 
the maximum Eb/lo value is large, a transmission elec- 
tric power is decreased and, when the maximum Eb/lo 
value Is small, the transmission electric power is s 
increased; multiplexing means for multiplexing the 
transmission electric power control bit and transmission 
data to produce the resultant data; transmitting means 
for modulating and frequency converting multiplexed 
data and the transmission data tor transmission; and w 
demodulating means for demodulating and transmitting 
the reception base-band signal. 

According to the invention, the variable bit rate 
CDMA transmission electric power controlling system 
further has as Eb/lo calculating meansr-l^basic rate is 
Eb/lo measuring unit for measuring an Eb/lo value for a 
basic rate; and a plurality of Eb/lo measuring units for 
calculating an Eb/lo value per one bit for remaining bit 
rates. 

Further, according to the invention, in the variable 20 
bit rate CDMA transmission electric power 'controlling 
system, in each of the Eb/lo calculating means, maxi- 
mum value detecting means, and comparing means, 
the transmission bit rate is changed with a frame having 
a time length of at least 10 msec to 80 msec as a unit 25 
and a process is executed by using a slot which is 
obtained by dividing one frame into a plural and which 
has a time length of at least 0.5 msec to 2.5 msec as a 
unit. 

According to the invention, in the variable bit rate 30 
CDMA transmission electric power control system, a 
spreading factor is changed depending upon the bit rate 
and the transmission electric power is changed in 
inverse proportion to the spreading factor. 

Further, according to the invention, in the variable 35 
bit rate CDMA transmission electric power controlling 
system, the bit rate is changed within a range of one 
integer (N) of the basic rate by setting the maximum rate 
as a basic rate and. when the bit rate is equal to 1/N of 
the basic rate, the same data is repeated N times and is 40 
transmitted, the spreading factor is changed, and the 
transmission electric power is changed in inverse pro- 
portion to N. 

According to the invention, in the variable bit rate 
CDMA transmission electric power controlling system, a 45 
tee ratio in which the transmission is ON in the slot is 
changed in proportion to the bit rate. 

Further, according to the invention, the variable bit 
rate CDMA transmission electric power controlling sys- 
tem has in order to execute the Eb/lo calculation: basic so 
rate de-spreading uriit for de-spreading the reception 
base-band signal; a plurality of symbol adding unit for 
adding the number of transmission symfcrals repeated in 
correspondence to the bit rate; and a plurality of Eb/lo 
measuring units for measuring the Eb/lo values for the ss 
symbols added by the plurality of symbol adding units. 

According to the invention, the variable bit rate 
CDMA transmission electric power controlling system 



has in order to perform the Eb/lo calculation: a de- 
spreading and inverse modulating unit for de-spreading 
the reception base-band signal and for inversely modu- 
lating the signal by using reception data, thereby elimi- 
nating a modulation component; a mean squared value 
unit for calculating a mean squared value of the signal 
from the de-spreading and inverse modulating unit in a 
slot interval; a plurality of mean squared value calculat- 
ing units for obtaining a mean value from the signal from 
the de-spreading and inverse modulating unit in a trans- 
mission ON interval In the slot corresponding to the bit 
rate; and a plurality of Eb/lo measuring units for obtain- 
ing the Eb/lo value for every bit rate by using mean val- 
ues from the mean squared value from the means 
squared value unit and the mean values from the plural- 
ity of mean value calculating units. 

Further, according to the invention, the variable bit 
rate CDMA transmission electric power controlling sys- 
tem has as a plurality of Eb/lo measuring units: a basic 
rate Eb/lo measuring unit for measuring an Eb/lo value 
of the basic rate; a 1/2 rate Eb/lo measuring unit for 
measuring the Eb/lo value of 1/2 rate; a 1/4 rate Eb/lo 
measuring unit for measuring the Eb/lo value of 1/4 
rate; and a 1/8 rate Eb/lo measuring unit for measuring 
the Eb/lo value of 1/8 rate. 

According to the invention, the variable bit rate 
CDMA transmission electric power controlling system 
has as a plurality of symbol adding units: a 1 -symbol 
adding unit for adding one symbol of a transmission 
repeated depending upon the bit rate from an output 
signal of the basic rate de-spreading unit; a 2-symbol 
adding unit for adding two symbols of a transmission 
repeated depending upon the bit rate; a 4-symbol add- 
ing unit for adding four symbols of a transmission 
repeated depending upon to the bit rate; and a 8-symbol 
adding unit for adding eight symbols of a transmission 
repeated depending upon the bit rate. 

Further, according to the invention, the variable bit 
rate CDMA transmission electric power controlling sys- 
tem has as a plurality of mean value calculating units: a 
whole slot mean value unit for calculating a mean value 
of a whole slot interval; a 1/2 slot mean value unit for 
obtaining a 1/2 slot interval mean value; a 1/4 slot mean 
value unit for obtaining a 1/4 slot interval mean value; 
and a 1/8 slot mean value unit for obtaining a 1/8 slot 
interval mean value. 

According to the invention, in the variable bit rate 
CDMA transmission electric power controlling system, 
the system is applied to a mobile telephone system 
using a direct spread code-division multiple accessing 
system. 

With the construction according to the invention, 
the maximum value of the Eb/lo values measured for a 
plurality of bit rates obtained from the reception base- 
band signal is obtained and the transmission electric 
power control is executed. 

TTierefore, it is unnecessary to previously know the 
bit rate, so that it is possible to rapidly produce a trans- 
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mission electric power control bit rate for every slot serv- 
ing as a unit of the transmission electric power control. 
Consequently, a transmission quality is not deteriorated, 
a spreading factor is changed depending upon the bit 
rate, and when it is applied to a variable bit rate trans- 5 
mitting method of changing a transmission electric 
power in inverse proportion to a spreading factor and 
transmitting and - a variable bit rate transmission for 
transmitting only parts of slots in correspondence to the 
bit rate, a transmission electric power control can be 10 
executed at a high precision. 

In this case, in combination with the variable rate 
transmitting method of changing the spreading factor 
depending upon the bit rate, a transmitting efficiency is 
not deteriorated at even a low bit rate and it is possible 15 
to prevent an occurrence of hazard noise for, for exam- 
ple, a hearing aid or medical instruments. In combina- 
tion with the variable rate transmitting method of varying 
ON time of a slot content depending upon the bit rate, 
measuring time for a reception quality can be extended. 20 
so that the precision of the transmission electric power 
control is improved. 

Fig. 1 is a diagram for explaining a conventional 
transmission electric power control; 25 
Fig. 2 is a block diagram showing a construction of 
a base station apparatus to which a variable bit rate 
CDMA transmission electric power controlling sys- 
tem according to the invention is applied; 
Fig. 3 is a block diagram showing a construction of 30 
a mobile machine to which the variable bit rate 
CDMA transmission electric power controlling sys- 
tem according to the invention is applied; 
Fig. 4 is a block diagram of the first embodiment of 
a reception quality estimation circuit for realizing 35 
the variable bit rate CDMA transmission electric 
power controlling system according to the inven- 
tion; 

Fig. 5 is a block diagram showing a rnain portion of 

the second embodiment of the reception quality 40 

estimation circuit according to the invention; 

Fig. 6 is a diagram for explaining a transmission 

electric power control according to the second 

embodiment; 

Fig. 7 is a block diagram showing a main portion of 45 
the third embodiment of the reception quality estim- 
Ination circuit according to the invention; 
Fig. 8 Is a diagram for explaining a transmission 
electric power control according to the third embod- 
iment; and 50 
Fig. 9 is a block diagram showing the fourth embod- 
iment of the reception quality estimination circuit 
according to the Invention. 

The Invention will now be described hereinbelow 55 
with reference to the drawings. 

Fig. 2 is a block diagram showing a construction of 
a base station apparatus to which a variable bit rate 



CDMA transmission electric power controlling system 
according to the invention Is applied. 

The base station apparatus comprise an antenna 1 
adopted to be used commonly for transmission and 
reception; a duplexer 10; a radio receiving unit (Rx) 20 
for converting a received radio frequency signal (RF sig- 
nal) to a base-band signal; a radio transmitting unit (Tx) 
30 for converting the base-band signal to radio fre- 
quency signal (RF signal) as a transmission signal; a 
plurality of channel processing units 40a, 40b, 40c, ... ; 
spreading means 50 for spreading a pilot channel com- 
monly used for a plurality of mobile terminals; and add- 
ing and multiplexing means 60 for adding the 
transmission signals of the plurality of channels and a 
signal after completion of the spreading of the pilot 
channel and code-dividing and multiplexing the result- 
ant signal. The base station ordinarily has the plurality 
of channel processing units 40a, 40b, 40c, ... In order to 
simultaneously communicate with the plurality of mobile 
terminals. The pilot channel is a signal that Is used for a 
search of a base station located near, a chip synchroni- 
zation of a reception signal, a reference signal for a syn- 
chronous detection, or the like for alt of the mobile 
terminals. 

Since the channel processing units 40a, 40b, 40c, 
... have the same circuit construction, the circuit con- 
struction of 40a is shown by way of example in the dia- 
gram. 

TTie construction will now be explained. The unit 
comprise a RAKE receiver 100 for combining a plurality 
of de-spread base-band signals having different phases 
concerning multi-path propagation generated from the 
radio receiving unit (Rx) 20; a demultiplexing unit 
(DMUX) 101 for demultiplexing an output of the RAKE 
receiver 100; a reception quality estimation circuit 102 
for estimating a reception quality of the received signal 
and outputting a transmission electric power instruction 
signal (f-TPC); a multiplexing unit (MUX) 103 for multi- 
plexing fonward transmission data (f-td) and the trans- 
mission electric power instruction signal (f-TPC) from 
the reception quality estimation circuit 102; spreading 
means 104 for spreading the multiplexed fonward trans- 
mission data; and transmission electric power control 
means 105 for controlling a transmission electric power 
of the spread fonward transmission data on the basis of 
an instruction signal (r-TPC) to increase or decrease a 
transmission electric power from the demultiplexing unit 
101. The reception quality estimation circuit 102 con- 
structs a significant portion of the Invention. The con- 
struction and operation will be described hereinafter 
with reference to Figs. 4 and 8. 

Fig. 3 Is a block diagram showing a construction of 
a mobile machine to which the variable bit rate CDMA 
transmission electric power controlling system accord- 
ing to the invention Is applied. In the diagram, the same 
reference numerals are added to component elements 
having the same functions as those in F'S- 2 and M 
which means the mobile terminal is added to the end of 
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each reference numeral. 

Since the mobile terminal ordinarily executes only 
the trasmission and reception of one channel, the termi- 
nal has one channel processing unit 40M. In case of a 
mobile terminal for executing the transmission and - 5 
reception of a plurality of channels, the terminal can 
have a plurality of channel processing units. As will be 
understood from the diagram, the transmission and 
reception data of the mobile terminal are'diff^feht from 
those of the base station apparatus. However, since the io 
circuit construction of the mobile terminal is substan- 
tially the same as that of the above-mentioned base sta- 
tion apparatus except for the pilot channel, the 
explanation is omitted. 

Again referring to Fig. 2. the operation of 'a^clb^H^ 
loop transmission electric power control by the base 
station apparatus will now be described. 

When a transmission electric power of reverse link 
(transmission from the mobile terminal to the base sta- 
tion) is controlled, in the reception quality estimation cir-. 20 
cuit 102 of the channel processing unit^^(fbr exampfe;"^^ 
40a) of the base station apparatus, a quality (for exam- 
ple, Eb/lo. which will be explained in detail hereinafter) 
of the reception signal is measured on the basis of the 
reverse link base-band signal generated by the radio 25 
receiving unit (Rx) 20. the quality value is compared 
with a predetermined target quality value, and a check 
is made to see whether the quality value is too large or 
too small, thereby estimating the reception quality of a 
signal received by the base station apparatus. Conse- 30 
quently, the instruction signal (f-TPC) of whether the 
transmission electric power of the mobile machine 
should be increased or decreased by one dB (decibel) 
is formed, the signal is multiplexed with the forward 
transmission data (f-td) in the multiplexing unit 35 
(MUX)103, the resultant data is spread by the spreading 
means 104, and then, the resultant data Is transmitted 
from the antenna 1 to the mobile terminal via the trans- 
mission electric power control rneans 105, multiplexing 
means 60, radio transmitting unit (Tx) 30. and antenna 40 
common device 10. 

Referring to Fig. 3, the mobile terminal extracts the 
instruction signal (f-TPC) by demodulating by an RAKE 
receiver 100M and a demultiplexing unit (DMUX) 101M 
and transmits the signal as a transmission electric as 
power instruction signal (r-TPC) to transmission electric 
power control means 105M. The transmission electric 
power control means 105M increases or decreases the 
reverse transmission electric power by one dB (decibel) 
on the basis of the transmission electric power instruc- so 
tion signal (r-TPC). 

When a transmission electric power of forward link 
(transmission from the base station to the mobile termi- 
nal) is controlled, the function of the base station appa- 
ratus and that of the mobile terminal are exactly - ss 
reversed. That is, in a reception quality determining cir- 
cuit 102M of the mobile terminal, a quality (for example, 
a value of Eb/lo) Of a forward reception signal is meas- 



ured on the basis of the base-band signal received from 
the base station apparatus, the reception quality is esti- 
mated by comparing the quality value of the signal with 
a predetermined target quality value and the transmis- 
sion electric power instruction signal (r-TPC) of whether 
the transmission electric power of the base station 
apparatus should be increased or decreased by one dB 
(decibel) is produced. TTie instruction signal (r-TPC) is 
multiplexed to the reverse transmission data (r-td) by a 
multiplexing unit (MUX) 103M and the resultant data Is 
transmitted from an antenna 1M to the base station 
apparatus. 

Tuning again to Fig. 2. the base station apparatus 
receives the instruction signal (r-TPC) by the antenna 1 . 
processes the signal by the channel processing unit (for 
example, 40a). and then, Increases or decreases the 
transmission electric power of the forward transmission 
data (f-td) of the relevant channel by one dB by the 
transmission electric power control means 105. 

Fig. 4 is a block diagram showing the first embodi- 
ment of the variable bit rate CDMA transmission'electric 
power controlling system of the invention and particu- 
larly shows a circuit construction of an embodiment of 
the reception quality estimation circuit 102 of the base 
station apparatus shown in, for example. Fig. 2. In the 
diagram, the same reference numerals as those in Fig. 
2 denote the same component elements. A demodulat- 
ing unit 18 corresponds to the RAKE receiver 100 and 
demultiplexing unit (DMUX) 101 in Rg. 2. 

As shown in Fig. 4, the reception quality determin- 
ing circuit 102 has an Eb/lo calculating circuit 1 1 for cal- 
culating a ratio (Eb/lo) of a signal electric energy per bit 
Eb to an interference electric power per Hz Io for differ- 
ent bit rates on the basis of the base-band signal rs gen- 
erated from the radio receiving unit (Rx) 20. The Eb/lo 
value for each bit rate is output from the Eb/lo calculat- 
ing circuit 1 1 . 

The reception quality estimation circuit 102 further 
has a maximum value detecting unit 1 6 for detecting a 
maximum value of Eb/lo values for the different bit rates 
from the Eb/lo calculating circuit 1 1 ; and a comparing 
unit 1 7 for comparing the maximum Eb/lo value from the 
maximum value detecting unit 16 with a predetermined 
target Eb/lo value and for outputting a transmission 
electric power control bit (TPC bit) to instruct in such a 
manner that as a comparison result, when the maxi- 
mum Eb/lo value is larger than the target Eb/lo value, a 
transmission electric power is decreased or, when the 
maximum Eb/lo value is smaller than the target Eb/lo 
value, the transmission electric power is increased. 

TTie Eb/lo calculating circuit 11 has a basic rate 
Eb/lo measuring unit 12 for measuring an Eb/lo value of 
a basic rate and a 1/2 rate Eb/lo measuring unit 13 for 
measuring of an Eb/lo value of 1/2 rate. Further, the cir- 
cuit 1 1 has a 1/4 rate Eb/lo measuring unit 14 for meas- 
uring an Eb/lo value of 1/4 rate and a 1/8 rate Eb/lo 
measuring unit 15 for measuring an Eb/lo value of 1/8 
rate. 
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The operation of the transmission electric power 
control in the first embodiment will now be explained. 

In Fig. 4, the Eb/to calculating circuit 1 1 calculates 
the ratio (Eb/lo) of the signal electric energy per bit Eb 
to interference electric power per Hz lo on the basis the s 
base-band signal rs generated from the radio receiving 
unit (Rx) 20 for all bit rates and outputs the Eb/lo values 
for respective bit rates to thip jpaximum value detecting 
unit 16. 

That is, the basic rate Eb/lo measuring unit 12 io 
measures and outputs the Eb/lo value for the basic rate. 
The 1/2 rate Eb/lo measuring unit 13 measures and out- 
puts the Eb/lo value for the 1/2 rate. Further, the 1/4 rate 
Eb/lo measuring unit 14 m|asure37=arid outputs the 
Eb/lo value for the 1/4 rate. The 1/8 rate Eb/lo measur- 15 
ing unit 1 5 measures and outputs the Eb/lo value for the 
1/8 rate. 

The maximum value detecting unit 16 detects the 
maximum value among the Eb/to values for all bit rates 
from the Eb/lo calculating circuit-^1 1*and outputs the 20 
maximum value to the comparing unit 1 7. The compar- 
ing unit 17 compares the maximum Eb/lo value with the 
target Eb/lo value (target value) and outputs the instruc- 
tion signal, namely, the transmission electric power con- 
trol bit (TPC bit) to instruct in such a manner that when 25 
the maximum Eb/lo value is larger than the target Eb/lo 
value, the transmission electric power is decreased or, 
when the maximum Eb/lo value is smaller than the tar- 
get Eb/lo value, the transmission electric power is 
increased to the multiplexing unit 103. so 

The multiplexing unit 103 multiplexes the TPC bit 
from the comparing unit 17 with the forward transmis- 
sion data (f-td) and transmits the resultant data to a 
radio transmitting unit (Tx) 30. The unit 30 modulates 
the multiplexed data from the multiplexing unit 1 03, con- 35 
verts a frequency of the data, and transmits the result- 
ant data as a fonward link or a reverse link at a 
transmission electric power based on the transmission 
electric power control bit. 

The demodulating unit 18 transmits the reverse 40 
transmission data (r-rd) obtained by demodulating the 
reception base-band signal rs from the radio receiving 
unit (Rx) 20. In the Eb/lo calculating circuit 1 1 , maxi- 
mum value detecting unit 16. and comparing unit 1 7, the 
transmission bit rate is changed by using a frame having 45 
a time length of, for example, 10 msec to 80 msec as a 
unit and the process is executed by using a slot which is 
obtained by dividing one frame into a plural and which 
has a time length of at least 0.5 msec to 2.5 msec as a 
unit. 50 

As mentioned above, since the Eb/lo values of a 
plurality of bit rates are measured as indices of the 
reception quality and the transmission electric power 
control is executed by using the maximum value in the 
first embodiment, it is unnecessary to previously know 55 
the bit rate in use for transmission and it is possible to 
rapidly form the transmission electric power control bit 
for every slot as a unit of the transmission electric power 



control. 

Particularly, it can be applied as a variable bit rate 
transmitting system without being limited by a method 
due to the turn ON/OFF for every slot. In combination 
with the variable bit rate transmitting method of chang- 
ing the spreading factor depending upon -the bit rate, 
the transmission efficiency is not deteriorated at even a 
low bit rate and an occurrence of hazard noise for, for 
example, a hearing aid or medical instruments can be 
prevented. In combination with the variable rate trans- 
mitting system of varying ON time of the slot content 
depending upon the bit rate, measuring time of the 
reception quality can be extended, so that the precision 
of the transmission electric power control can be 
improved. 

The second embodiment of the reception quality 
discriminating circuit will now be explained with refer- 
ence to Fig. 5. 

Fig. 5 is a block diagram showing a construction of 
the Eb/lo calculating circuit in the second embodiment. 
In the diagram, an Eb/lo calculating circuit 11a has a 
basic rate de-spreading unit 31 for de-spreading the 
base-t>and signal rs generated by the radio receiving 
unit (Rx) 20 shown in Fig. 4; a 1 -symbol adding unit 32, 
a 2-symbol adding unit 33, a 3-symbol adding unit 34. 
and a 4-symbol adding unit 35 for adding the number of 
transmission symbols repeated depending upon the bit 
rate from the output signal of the basic rate de-spread- 
ing unit 31 ; and Eb/lo measuring units 36, 37, 38, and 
39 for measuring the Eb/lo values for respective sym- 
bols added by the 1 -symbol adding unit 32 to 4-symbol 
adding unit 35, respectively. 

Frg. 6 is a diagram for explaining the transmission 
electric power control in the second embodiment. In 
Figs. 5 and 6, in the variable bit rate transmission of the 
second embodiment, a part of the Eb/lo measurement 
for the bit rates is common by using a situation that 
when the bit rate is decreased, the same symbol is 
repetitively transmitted. 

The reception base-band signal rs from the radio 
receiving unit (Rx) 20 (refer to Fig. 4) is supplied to the 
basic rate de-spreading unit 31 . The signal is de-spread 
at the basic rate by the unit 31 . A de-spread signal from 
the basic rate de-spreading unit 31 is supplied to the 1- 
symbol, 2-symbol, 4-symbol, and 8-symbol adding units 
32. 33, 34, and 35, respectively. In each of the units, the 
number of symbols repeated depending upon the bit 
rate is added. 

The Eb/lo measuring units 36, 37. 38. and 39 exe- 
cute the Eb/lo measurements for the symbols added by 
the 1 -symbol adding unit 32 to 8-symbol adding unit 35 
and output the resultant values to the maximum value 
detecting unit 16. In this case, the processes subse- 
quent to that of the maximum value detecting unit 1 6 are 
substantially the same as those in the first embodiment 
explained with reference to Fig. 4. 

Various methods are known for measurement of 
the Eb/lo serving as an index of the reception quality. In 
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the CDMA, in order to increase a communication capac- 
ity, it is normal to execute the operation at an extremely 
low Eb/lo value. As a method of measuring the 
extremely low Eb/lo value at a high precision, for exam- 
ple, a reception signal is inversely modulated to provide 
a carrier component and an interference component. 
Regarding the slot content mean value (or a gravity) of 
the Inverse modulation signal as a carrier component 
(desired signal component) and a variance as an inter- 
ference component, the signal electric energy per bit Eb 
is obtained from a square value of the mean value, and 
the interference electric power per Hz lo is ot>tairied 
from the variance. 

In the variable bit rate transmission, as shown In 
Fig. 6, a first frame is transmitted at the basic rate (max- 
imum bit rate) and a second frame is transmitted at a bit 
rate that is 1/2 of the basic rate. Each slot of the second 
frame in which the bit rate is 1/2 is transmitted by an 
electric power that is 1/2 as compared with that of a slot 
of the first frame transmitted at the basic rate. The trans- 
mission is continuously executed without turning 
ON/OFF the transmission in the frame or slot. In order 
to simplify the explanation, a changed portion of the 
transmission electric power on a slot unit basis by the 
transmission electric power control is omitted. 

The third embodiment of the reception quality esti- 
mation circuit will now be explained with reference to 
Fig. 7. 

Fig. 7 is a block diagram showing a construction of 
an Eb/lo calculating circuit in the third embodiment. In 
the diagram, an Eb/lo calculating circuit 11b has a de- 
spreading and inverse modulating unit 41 for de-spread- 
ing the base-band signal rd from the radio receiving unit 
(Rx) 20 and executing an inverse modulation to the sig- 
nal rd by the reverse transmission data (r-rd) from the 
demodulating unit 18 in Fig. 4. thereby eliminating a 
modulation component; and a mean squared value unit 
42 for calculating a mean squared value of the reception 
signal in which the modulation component was elimi- 
nated of the de-spreading and inverse modulating unit 
41 in a slot interval.^ 

The Eb/lo calculating circuit 11b further has a 
whole slot mean value unit 43 for calculating a mean 
value of a whole slot interval; a 1/2 slot means value unit 
44 for calculating a mean value of 1/2 slot interval; a 1/4 
slot mean value unit 45 for calculating a mean value of 
1/4 slot interval; and a 1/8 slot mean value unit 46 for 
calculating a mean value of 1/8 slot interval. 

The Eb/lo calculating circuit lib also has an Eb/lo 
measuring unit 47 for outputting the Eb/lo value based 
on the mean squared value generated by the mean 
squared value unit 42 and the mean value of the whole 
slot inten/al from the whole slot mean value unit 43 to 
the maximum value detecting unit 16; and an Eb/lo 
measuring unit 48 for outputting the Eb/lo value based 
on the mean squared value generated by the mean 
squared value unit 42 and the mean value of the 1/2 slot 
interval from the 1/2 slot mean value unit 44 to the max- 



imum value detecting unit 1 6. 

The Eb/lo calculating circuit lib further has an 
Eb/lo measuring unit 49 for outputting the Eb/lo value 
based on the mean squared value generated by the 
5 mean squared value unit 42 and the mean value of the 
1/4 slot interval from the 1/4 slot mean value unit 45 to 
the maximum value detecting unit 16; and an Eb/lo 
measuring unit 50 for outputting the Eb/lo value based 
P^s*" on the mean squared value generated by the mean 
w squared value unit 42 and t he mean value of the 1/8 
slot interval from the 1/8 slot mean value unit 46 to the 
maximum value detecting unit 16. 

Fig. 8 is a diagram for explaining the transmission 
electric power control in the operation of the third 
?5,^^mbddiment. In Figs. 7 and 8, the Eb/lo calculating cir- 
cuit 11b transmits or receives only parts of the slots 
depending upon the bit rate and, particularly, sets the 
maximum bit rate to a basic rate, varies the bit rate to 
1/2, 1/4, and 1/8 of the basic rate, and measures the 
20 Eb/lo values in the variable rate transmissions in which , 
the intervals of the slot in which the transmission is ON 
are set to 1/2. 1/4, and 1/8 of one slot, respectively 

In Fig. 7, the de-spreading and inverse modulating 
unit 41 de-spreads the reception base-band signal rs 
25 from the radio receiving unit (Rx) 20 and also inversely 
modulates the signal with tiie denrrodulation data rd, 
thereby eliminating the modulation component. A mean 
squared value of the reception signal with the modula- 
tion eliminated of the de-spreading and inverse modu- 
lo lating unit 41 is calculated in the slot interval by the 
mean squared value unit 42. The mean squared values 
are commonly extracted at all of the bit rates. In the var- 
iable bit rate transmitting system, although the transmis- 
sion ON interval includes the desired signal component 
35 and interference component, only tiie interference com- 
ponent of the transmission OFF interval is included, so 
that tiie Eb/lo measurement can be executed with all of 
the reception signals (recqstion base-band signal rs) in 
the slot. 

40 In this instance, the dispersion can be obtained as 
a difference between a mean squared value, namely a 
value obtained by squaring samples, summing the 
squared value, and then dividing the summed value by 
the number of samples, and a square of the mean 
45 value, namely, a value of a sum obtained in such a man- 
ner that when the reception base-band signal rs is 
shown as a conrplex number in which a same phase 
component is set to a real number portion and an 
orthogonal component is set to an imaginary number 
so portion, after a mean value of the complex number is 
obtained, a square of the real number portion and a 
square of the imaginary number are added. 

As for the mean squared value, it is a calculation 
common to all of the bit rates. As for the mean value, 
55 since the calculation of only the portion in which the 
transmission is ON is executed, the interval In which the 
mean value is obtained depending upon the bit rate is 
different. 
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A specific calculation example will now be 
explained. 

It is assumed that the sample after completion of 
the de-spreading diffusion and inverse modulation is set 
to ri (i = 1 to M), the sample ri Is a complex number in 5 
which a same phase component is set to a real number 
portion and an orthogonal component is set to an imag- 
inary portion, and M is set to the number^pf samples per 
slot. A mean squared value P is shown in Expression 

(1). 10 

P = Si=i-Mln|'/M 0) 

A mean value of a rate of 1/N of t^e^b^ic- rate is , 
shown by Expression (2). - 15 

AV(N) = Sj^i.^,/^ri/(M/N) (2) 

Further, the Eb/lo value (N) for the bit rate of 1/N of 
the basic rate is shown by Expr^ession (3). ^ 20 

Eb/lo(N) = |AV(N)| ^ / {P - |AV(N)| ^/N} (3) 

In the calculation, the reason why the square of the 
mean value is divided by N is that a desired signal is 25 
included in only the interval of 1/N of the slot and only 
the interference component is included in other inter- 
vals, namely it is assumed that the electric power of the 
desired signal component is equal to 0. 

In the above embodiments, when the reception 30 
quality is estimated, the mean squared value of the 
mean value of the signal after completion of the de- 
spreading -and inverse modulation is set to a value pro- 
portional to the reception signal electric energy per bit 
(Eb), the distribution is set to a value proportional to the 35 
interference electric power per Hz (lo), and an estimate 
of the Eb/lo is calculated for every bit rate. 

This is because, physically, the interference wave 
electric power per Hz (lo) is a value which doesn't 
depend on the bit rate but an estimated expression of 40 
the interference wave electric power (lo) per Hz is differ- 
ent depending on a bit rate that is assumed when lo is 
estimated from the reception signal. In case of the vari- 
able bit rate transmitting system in which the interfer- 
ence wave electric power is sufficiently large as 45 
compared with the desired signal electric power and the 
transmission electric power is constant in one slot (for 
example, the variable bit rate transmitting method of 
changing the spreading factor depending upon the bit 
rate and also changing the transmission electric power 50 
in inverse proportion to the spreading factor), the esti- 
mate of the interference wave electric power that does 
not depend on the bit rate can be used. That is. it is a 
method using the electric power of the reception signal 
before the de-spreading, namely, the mean squared 55 
value of the signal before the de-spreading as an esti- 
mate of the interference electric power per Hz (lo). 
When using the method, a reception quality estimation 



circuit as shown in Fig. 9 is considered. 

Eb measuring units 51 , 52, 53 and 54 for estimating 
the reception signal electric energy Eb for all of the bit 
rates and an lo measuring unit 55 for estimating the 
interference wave electric power (lo) by a method which 
does not depend on the bit rate are provided. The max- 
imum value detecting unit 16 obtains the maximum 
value of the reception signal electric energys Eb 
obtained for all bit rates. An Eb/lo calculating unit 56 cal- 
culates the Eb/lo from the obtained maximum value of 
Eb and lo estimated by the lo measuring unit 55. The 
comparing unit 17 compares the Eb/lo value with the 
target Eb/lo. As mentioned above, the reception quality 
can thus be estimated. 

As mentioned above, accxDrding to one aspect of 
the variable rate CDMA transmission electric power 
controlling system of the invention, since the maximum 
value of the Eb/lo values measured depending upon a 
plurality of bit rates obtained from the reception base- 
band signal is obtained and the transmission electric 
power control is executed, it is unnecessary to previ- 
ously know the bit rate, so that it is possible to rapidly 
form the transmission electric power control bit rate for 
every slot serving as a unit of the transmission electric 
power control. Consequently, the transmitting quality is 
not deteriorated, the spreading factor is changed 
depending upon the bit rates, and when it is applied to 
the variable rate transmitting method of changing the 
transmission electric power in inverse proportion to the 
spreading factor and transmitting and the variable rate 
transmission in which only parts of the slots are trans- 
mitted in correspondence to the bit rate, a high-preci- 
sion transmitting electric power control can be 
executed. 

In the above embodiments, a transmission electric 
power controlling system according to the present 
invention has been explained as being applicable to a 
base station apparatus and a mobile terminal. It is to be 
noted, however, that the present invention claims not 
only the transmission electric p>ower controlling system 
but also a base station apparatus and/or a mobile termi- 
nal itself adopting the transmission electric power con- 
trolling system. The present invention is applicable to a 
forward link and a reverse link in the same manner. 

Claims 

1. A variable bit rate CDMA transmission electric 
power controlling system in which a plurality of 
transmission bit rates are switched during transmis- 
sion characterized in that reception quality is esti- 
mated for each of said plurality of transmission bit 
rates basen on the reception base-band signal and 
transmission electric power is controlled based on 
the result of the estimation of the reception quality. 

2. A variable bit rate CDMA transmission electric 
power controlling system according to claim 1, 
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wherein said reception quality is estimated by 
measuring a ratio of a signal electric energy per bit 
Eb to an interference electric power per Hz lo for 
each of the plurality of transmission bit rates and 
obtaining a maximum of the ratio of Eb/lo 

3. A variable bit rate CDMA mobile terminal device 
including a transmission electric power controlling 
system according to claim 1 or 2. 

4. A base station apparatus for a variable bit rate 
CDMA mobile telephone system including a trans- 
mission electric power controlling system according 
to claim 1 or 2. 

5. A variable bit rate CDMA mobile telephone system 
consisting of a variable bit rate CDMA mobile termi- 
nal device including a transnilssion electric power 
apparatus including a transmission electric power 
controlling system according to claim 1 or 2 and a 
base station apparatus including a transmission 
electric power controlling system according to claim 
1 or 2. 

6. A variable bit rate CDMA transmission electric 
power controlling system in which a plurality of 
transmission bit rates are switched characterized 
by measuring a ratio of a signal electric energy per 
bit Eb to an interference electric power value per Hz 
lo for each of the plurality of transmission bit rates 
of a reception base-band signal obtained; and 
obtaining a .maximum value of Eb/lo values, 
wherein a transmission electric power is controlled 
on the basis of the maximum value of the Eb/lo 
value. 

7. A variable bit rate CDMA transmission electric 
power controlling system in which a plurality of 
transmission bit rates are switch^ comprising: 



maximum Eb/lo value is small, the transmis- 
sion electric power is increased. 

8. TTie system according to daim 7 further compris- 
5 ing: 

multiplexing means for multiplexing the trans- 
mission electric control bit from said comparing 
- V means with transmission data to output the 

10 resultant data; 

transmitting means for modulating multiplexed 
data from said multiplexing means, converting 
a frequency of the data, and transmitting the 
resultant data; and 

15 demoduiating means for transmitting demodu- 

lation data obtained by demodulating the 
reception base-band signal from said reception 
processing means. 

20 9. The system , according to claim 7, wherein , said 
Eb/lo calculating means includes: 

a basic rate Eb/lo measuring unit for measuring 
an Eb/lo value for a basic rate; and 
25 Eb/lo values for the plurality of bit rates. 

1 0. The system according to claim 7. wherein in each of 
said Eb/lo calculating means, maximum value 
detecting means, and comparing means, the trans- 

30 mission bit rate is changed by using a frame having 
a time length of at least 10 msec to 80 msec as a 
unit and a process is executed by using a slot which 
is obtained by dividing one frame into a plural and 
which has a time length of at least 0.5 msec to 2.5 

35 msec as a unit. 

11. The system according to claim 7, 8, 9 or 10, 
wherein a spreading factor is changed depending 
upon the bit rate and the transmission electric 

40 power is changed in inverse proportion to the 
spreading factor. 

12. The system according to claim 11, wherein the bit 
rate is changed within a range of one integer (N) of 
the base rate by setting the maximum rate as a 
base rate and, when the bit rate is equal to 1/N of 
the base rate, the same data is repeated N times 
and is transmitted, the spreading factor is changed, 
and the transmission electric power is changed in 
inverse proportion to N. 

13. The system according to claim 10, 11 or 12. 
wherein a time ratio in which the transmission is ON 
in the slot is changed in proportion to the bit rate. 

14. The system according to claim 12 or 13. wherein 
the Eb/lo calculating means includes: 
Eb/lo caluculating means includes: 



reception processing means for converting a 
reception signal to output a reception base- 
band signal; 

Eb/lo calculating means for calculating a ratio 
of a signal electric energy per bit Eb to an inter- 45 
ference electric power per Hz lo for each trans- 
mission bit rate on the basis of the reception 
base-band signal generated by said reception 
processing means; 

maximum value detecting means for detecting so 
a maximum value of Eb/lo values generated by 
said Eb/lo calculating means; and 
comparing means for comparing the maximum 
Eb/lo value with a predetermined target Eb/lo 
value to output a transmission electric power 55 
control bit to instruct so that when the maxi- 
mum Eb/lo value is large, a transmission elec- 
tric power is decreased and, when the 
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a basic rate de-spreading unit for de-spreading 
the reception base-band signal; 
a plurality of symbol adding unit for adding the 
number of transmission symbols repeated in 
correspondence to the bit rate; and 
a plurality of Eb/lo measuring units for measur- 
ing the Eb/lo values for the symbols added by 
said plurality of symbol adding units, fps^^- 

1 5. The system according to clam 1 2 or 1 3, wherein the 
Eb/lo calculating means comprises: 

a de-spreading and inverse modulating unit for 
. de-spreading the reception base-band ■ signaji 
and Inversely modulating the signal by using 
the reception data, thereby eliminating a modu- 
lation component; 

a mean squared value unit for calculating a 
mean squared value of the signal from said de- 
spreading and inverse modulating^unit in a slot 
interval; 

a plurality of mean value calculating units for 
obtaining a mean value in a transmission ON 
interval in the slot corresponding to the bit rate 
from the signal output from said de-spreading 
and inverse modulating unit; and 
a plurality of Eb/lo measuring units for obtain- 
ing the Eb/lo value for every bit rate by using 
the mean squared value from said mean 
squared value unit and the mean values from 
said plurality of mean value calculating units. 



repeated depending upon the bit rate. 

18. The system according to claim 15, wherein said 
mean value calculating units comprises: 

6 

a whole slot mean value unit for calculating a 
mean value of a whole slot interval; 
a 1/2 slot mean value unit for obtaining a 1/2 
slot interval mean value; 
w a 1/4 slot mean value unit for obtaining a 1/4 

slot inten^al mean value; and 
a 1/8 slot mean value unit for otrtaining a 1/8 
slot interval mean value. 

15 19. The system according to any one of claims 6 to 1 8, 
wherein said system is applied to a mobile tele- 
phone system using a direct spread code-division 
multiple accessing system. 

■^.20 



1 6. The system according to any one of claims 9 to 1 5, 
wherein said Eb/lo measuring units comprises: 

35 

a basic rate Eb/lo measuring unit for measuring 

an Eb/lo value for the basic rate; 

a 1/2 rate Eb/lo measuring unit for measuring 

an Eb/lo value for 1/2 rate; 

a 1/4 rate Eb/lo measuring unit for measuring 4o 

an Eb/lo value for 1/4 rate; and 

a 1/8 rate Eb/lo measuring unit for measuring 

an Eb/lo value for 1 /8 rate. 

17. The system according to claim 14, wherein said 45 
symbol adding units comprises: 

a 1 -symbol adding unit for adding one symbol 
of a transmission repeated depending upon the 
bit rate from an output signal of the basic rate so 
inverse de-spreading unit; 
a 2-symbol adding unit for adding two symbols 
of said transmission repeated depending upon 
the bit rate; 

a 4-symbol adding unit for adding three sym- ss 
bols of said transmission repeated depending 
upon the bit rate; and a 8-symbol adding unit 
for adding four symbols of said transmission 
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